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WRUTXH H[SUHVVLRQ  7KH\ DUH QRUPDOO\ QRPLQDWHG DV
UHOXFWDQFH WRUTXH 7U FRJJLQJ WRUTXH 7F DQG V\QFKURQRXVWRUTXH7VLQUHJXODUHOHFWULFPDFKLQHV
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ZKHUH5VL LV WKH UDGLXVRI VWDWRU LQQHU VXUIDFH/VWN LV WKH VWDFNOHQJWKRI WKHPDFKLQHș LV WKHPHFKDQLFDO DQJOH LQ WKH VWDWRU
UHIHUHQFHIUDPHȁULVWKHURWRUSHUPHDQFHZKLFKLVWKHUDGLDODLUJDSSHUPHDQFHRIVORWWHGURWRUDQGVORWOHVVVWDWRUPRGHO)VDDQG )VI DUH WKH ³PRGXODWHG 00)V´ RI DUPDWXUH DQG ILHOGFXUUHQWVUHVSHFWLYHO\7KH\DUHGHILQHGE\
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ZKHUH)DDQG)I DUH WKHRULJLQDO00)VRIDUPDWXUHDQG ILHOGFXUUHQWV UHVSHFWLYHO\ J LV WKH DLUJDS OHQJWK ȝ LV WKHSHUPHDELOLW\ RI YDFXXP DQG ȁVș LV WKH VWDWRU SHUPHDQFHZKLFK LV WKH UDGLDO DLUJDS SHUPHDQFH RI VORWWHG VWDWRU DQG
VORWOHVVURWRUPRGHOLH
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ZKHUH ȁV DQG ȁVN DUH WKH PDJQLWXGHV RI WKH GF DQG WKH NWKKDUPRQLFRIVWDWRUSHUPHDQFH1VLVWKHVWDWRUVORWQXPEHU7KHFRHIILFLHQWFDOFXODWLRQRIVWDWRUSHUPHDQFHFDQEHIRXQGLQ>@
$VSURYHGLQ>@WKHWRUTXHSHUIRUPDQFHRI9)50VFDQEH
HVWLPDWHGE\XVLQJPDJQHWLFJHDULQJHIIHFW7KHDUPDWXUHDQG
ILHOGPRGXODWHG00)VDFWDVWKHRXWHUDQGLQQHUPDJQHWVRID
PDJQHWLF JHDU ZKHUHDV WKH URWRU SHUPHDQFH FRPSRQHQWV DUH
HTXLYDOHQW WR WKH LURQ PRGXODWRUV RI D PDJQHWLF JHDU
&RQVLGHULQJ WKH IDFW WKDW WKH PRGXODWHG 00)V DQG URWRU
SHUPHDQFHFRQWDLQV ORDGVRIKDUPRQLFV WKH WRUTXHSURGXFWLRQ
RI9)50VLVDFWXDOO\DFRPELQDWLRQRIYDULRXV³PDJQHWLFJHDU
SDLUV´7KHRUGHUVRIURWRUSHUPHDQFH3UDQGPRGXODWHG00)VKDUPRQLFV3P3QVKRXOGVDWLVI\FRQGLWLRQ WRFRQVWLWXWHDVSHFLILF³PDJQHWLFJHDUSDLU´
U P Q3 3 3 r  
ZKHUH3ULVWKHKDUPRQLFRUGHUVRIURWRUSHUPHDQFH3PDQG3QDUH WKH KDUPRQLF RUGHUV RI PRGXODWHG 00)V DQG FRXOG EH
HLWKHUIURPDUPDWXUHRUILHOGPRGXODWHG00)7KHVRXUFHVRI
3P DQG 3Q GHWHUPLQH ZKLFK WRUTXH FRPSRQHQW WKH PDJQHWLFJHDU SDLU FRQWULEXWHV WR )RU LQVWDQFH ZKHQ 3P DQG 3Q ERWKVWDQG IRU WKH KDUPRQLF RUGHUV RI DUPDWXUH PRGXODWHG 00)
WKLVPDJQHWLFJHDUSDLUEHORQJVWRWKHUHOXFWDQFHWRUTXH
0RUHRYHU WKHPDJQHWLFJHDUSDLUVZLOOFRQWULEXWHWRHLWKHU
DYHUDJH WRUTXH RU WRUTXH ULSSOH SURGXFWLRQ GHSHQGLQJ RQ
ZKHWKHULWVDWLVILHVWKHURWDWLQJVSHHGFRQGLWLRQ
  VJQU U P Q P Q3 3 3:  r : r:  
ZKHUHVJQLVVLJQIXQFWLRQWKHȍPȍQDUHWKHURWDWLQJVSHHGVRI 3P 3QWK PRGXODWHG 00)V ,I RQH PDJQHWLF JHDU SDLUVDWLVILHVFRQGLWLRQ  LW ZLOO FRQWULEXWH WR WKHDYHUDJH WRUTXH
RILWVFRUUHVSRQGLQJWRUTXHFRPSRQHQW2WKHUZLVHLWZLOORQO\
OHDG WR WRUTXH ULSSOH LQ LWV FRUUHVSRQGLQJ WRUTXH FRPSRQHQW
7KHIUHTXHQF\RIWKHULSSOHIRUDVSHFLILFPDJQHWLFJHDUSDLULV
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ZKHUHILVWKHIUHTXHQF\RI$&FXUUHQW
%\ XVLQJ WKH PHWKRG PHQWLRQHG DERYH LW LV SRVVLEOH WR
HVWLPDWHWKHDYHUDJHWRUTXHDQGWRUTXHULSSOHSHUIRUPDQFHVRI
HDFKWRUTXHFRPSRQHQWIRU9)50VRQFHWKHKDUPRQLFFRQWHQWV
RIURWRUSHUPHDQFHDQGPRGXODWHG00)VDUHREWDLQHG
)RUWKHURWRUSHUPHDQFHLWFDQEHH[SUHVVHGDV
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ZKHUH ȁU DQG ȁUN DUH WKH PDJQLWXGHV RI WKH GF DQG NWKKDUPRQLFVRIWKHURWRUSHUPHDQFHUHVSHFWLYHO\șURLVWKHLQLWLDOSRVLWLRQ RI WKH URWRU 7KH FRHIILFLHQW FDOFXODWLRQ RI URWRU
SHUPHDQFHFDQEHIRXQGLQ>@7KXV WKHKDUPRQLFFRQWHQWRI
URWRUSHUPHDQFHFDQEHFRQFOXGHGLQ7DEOH,9
7$%/(,9
25'(56$1'527$7,1*63(('62)527253(50($1&(+$5021,&6
5RWRUSHUPHDQFH
KDUPRQLFV
+DUPRQLFRUGHU 5RWDWLQJVSHHG
3U ȍ
ȁU  
ȁUN N1U N1UȍU

5HJDUGLQJ WKH PRGXODWHG 00) LWV UHODWLRQVKLS ZLWK WKH
RULJLQDO00) LV LOOXVWUDWHG LQ >@ ,W LV SURYHG WKDW WKHVH WZR
W\SHVRI00)VDUH LGHQWLFDO LQ WHUPVRIKDUPRQLFRUGHUVDQG
FRUUHVSRQGLQJ URWDWLQJ VSHHGV DOEHLW ZLWK PRGLILHG KDUPRQLF
PDJQLWXGHV GXH WR WKHPRGXODWLRQ HIIHFW RI VWDWRUSHUPHDQFH
,QWKLVFDVHWKHKDUPRQLFFRQWHQWVRIPRGXODWHG00)VFDQEH
GLUHFWO\ GHULYHG IURP WKH RULJLQDO 00)V ZKLFK DUH DOUHDG\
SUHVHQWHGLQ7DEOH,,
%\ V\QWKHVL]LQJ 7DEOHV ,, DQG ,9 DQG FRQGLWLRQV 
WKH PDJQHWLF JHDU SDLUV RI WKH WRUTXH FRPSRQHQWV IRU DOO WKH
9)50V ZLWK '/& DQG 6/& ZLQGLQJV FDQ EH LGHQWLILHG )RU
FODULW\ WKH VU DQG VU 9)50V ZLWK '/& DQG 6/&
ZLQGLQJV DUH VHOHFWHG DV H[DPSOHV LQ WKH IROORZLQJ
LQYHVWLJDWLRQV7KHUHYHDOHGFRQFOXVLRQVZLOOEHH[WHQGHGWRDOO
WKH9)50VDIWHUZDUG
% $YHUDJHWRUTXHSHUIRUPDQFH
%\ RQO\ FRQVLGHULQJ WKH GRPLQDQW FRPSRQHQWV RI
PRGXODWHG00)V KDUPRQLFV ZLWKRUGHUV ORZHU WKDQ WKH
PDJQHWLFJHDUSDLUVZKLFKFRQWULEXWHWRWKHDYHUDJHWRUTXHIRU
VUDQGVU9)50VDUHOLVWHGLQ7DEOH9
7$%/(9
0$*1(7,&*($53$,562)$9(5$*(72548(352'8&7,21)2565$1'
659)506:,7+'28%/($1'6,1*/(/$<(5$50$785(:,1',1*6
9)50 $YHUDJHWRUTXH ȁUN 3U
6RXUFHKDUPRQLFRUGHU
3P 3Q
VU
'/&
7VBDYJ ȁU  $ )$ )
7UBDYJ ȁU  $ $
7FBDYJ    
6/&
7VBDYJ ȁU  $ )$ )
7UBDYJ ȁU  $ $$ )
7FBDYJ    
VU
'/&
7VBDYJ ȁU  $ )$ )
7UBDYJ ȁU  $ $
7FBDYJ    
6/&
7VBDYJ ȁU  $ )$ )
7UBDYJ ȁU  $ $$ $
7FBDYJ    
$0RGXODWHG00)RIDUPDWXUHFXUUHQW)VD
)0RGXODWHG00)RIILHOGFXUUHQW)VI
$GGLWLRQDOPDJQHWLFJHDUSDLUVRI9)50VZLWKVLQJOHOD\HUZLQGLQJ

6RPHIHDWXUHVFDQEHUHYHDOHG
D7KHDYHUDJHWRUTXHRI9)50VZLWKERWKZLQGLQJW\SHV
LV JHQHUDWHG E\ V\QFKURQRXV WRUTXH DQG UHOXFWDQFH WRUTXH
FRPSRQHQWV0RUHRYHUWKHV\QFKURQRXVWRUTXHDQGUHOXFWDQFH
WRUTXH DUH SURSRUWLRQDO WR WKH VW DQG QG URWRU SHUPHDQFH
FRPSRQHQWVUHVSHFWLYHO\)RUDFRQYHQWLRQDOVDOLHQWSROHURWRU
WKHVW FRPSRQHQW LVPXFK ODUJHU WKDQ WKHQG FRPSRQHQW >@
+HQFHWKHV\QFKURQRXVWRUTXHLVWKHGRPLQDQWRQHLQDYHUDJH
WRUTXHSURGXFWLRQZKHUHDVWKHUHOXFWDQFHWRUTXHLVQHJOLJLEOH
E 7KH V\QFKURQRXV WRUTXH FRPSRQHQWV RI 9)50V ZLWK
ERWK ZLQGLQJ W\SHV FRQWDLQ H[DFWO\ WKH VDPH PDJQHWLF JHDU
SDLUV 6LQFH WKH PDJQLWXGHV RI 00) KDUPRQLFV DUH LGHQWLFDO
IRU GRXEOH DQG VLQJOHOD\HU ZLQGLQJV VHH 6HFWLRQ ,, WKH
V\QFKURQRXV WRUTXH SURGXFWLRQV RI PDFKLQHV ZLWK ERWK
ZLQGLQJ W\SHV DUH VLPLODU WR HDFK RWKHU ,Q FRQWUDVW WKH
UHOXFWDQFH WRUTXH SURGXFWLRQV DUH GLIIHUHQW IRU PDFKLQHV ZLWK
'/&DQG6/&ZLQGLQJV,QFRPSDULVRQZLWKWKH9)50VZLWK
'/& ZLQGLQJ WKHUH DUH DGGLWLRQDO PDJQHWLF JHDUSDLUV LQ WKH
UHOXFWDQFH WRUTXH FRPSRQHQWV RI WKH PDFKLQHV ZLWK 6/&
ZLQGLQJDVPDUNHGE\JUH\FRORULQ7DEOH97KLVZLOOOHDGWR
ODUJHU UHOXFWDQFH WRUTXH IRU PDFKLQHV ZLWK 6/& ZLQGLQJ
+RZHYHU DV PHQWLRQHG DERYH WKH UHOXFWDQFH WRUTXH LV
QHJOLJLEOH LQ DYHUDJH WRUTXH SURGXFWLRQ +HQFH WKLV
HQKDQFHPHQWLQUHOXFWDQFHWRUTXHLVDOVRPLQRU&RQVHTXHQWO\
WKH WRUTXH FDSDELOLWLHV DUH VLPLODU IRU 9)50V ZLWK ERWK
ZLQGLQJW\SHVXQGHUPDJQHWLFDOO\XQVDWXUDWHGFRQGLWLRQ
7R YHULI\ WKLV WKH )($ UHVXOWV RI IRXU 9)50V VU'/&
VU6/& VU'/& VU6/& DUH SUHVHQWHG 7KH PDLQ
GLPHQVLRQV RI IRXU PDFKLQHV DUH OLVWHG LQ 7DEOH 9, )LJ 
VKRZVWKHYDULDWLRQVRIDYHUDJHDQGUHOXFWDQFHWRUTXHVZLWKWKH
DGYDQFHG FXUUHQW DQJOH XQGHU OLQHDU FRQGLWLRQ PDJQHWLFDOO\
XQVDWXUDWHG ,W FDQEH VHHQ WKDW WKHRSWLPDODGYDQFHGFXUUHQW
DQJOHRIDOOIRXUPDFKLQHVDUHFORVHWRGHJZKLFKPHDQVWKH
UHOXFWDQFHWRUTXHVDUHUHODWLYHO\VPDOOIRU9)50V,QDGGLWLRQ
WKHSHDNDYHUDJHWRUTXHDQGUHOXFWDQFHWRUTXHRI9)50VZLWK
6/&ZLQGLQJLVVOLJKWO\ODUJHUWKDQWKDWRI9)50VZLWK'/&
ZLQGLQJ+RZHYHUWKHGLIIHUHQFHEHWZHHQWKHPLVTXLWHPLQRU
7KLVYHULILHVWKHDIRUHPHQWLRQHGFRQFOXVLRQV
7$%/(9,
0$,163(&,),&$7,2162)65$1'659)506
3DUDPHWHUV 8QLW
9)50
VU VU
'/& 6/& '/& 6/&
6WDWRURXWHUGLDPHWHU PP 
$LUJDSOHQJWK PP 
5DWHGFRSSHUORVV : 
5DWHGFXUUHQWGHQVLW\ $PP 
5DWHGSRZHU : 
5DWHGVSHHG USP 
7XUQVSHUVORW$&'&  
6SOLWUDWLR   
6WDWRUSROHDUF GHJ  
5RWRUSROHDUF GHJ  
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$GYDQFHGFXUUHQWDQJOH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UTX
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$GYDQFHGFXUUHQWDQJOH(OHFGHJ
VU'/&
VU6/&
E
)LJ   9DULDWLRQV RI DYHUDJH WRUTXH DQG UHOXFWDQFH WRUTXH RI 9)50V ZLWK
GRXEOH DQG VLQJOHOD\HU DUPDWXUH ZLQGLQJV XQGHU PDJQHWLFDOO\ XQVDWXUDWHG
FRQGLWLRQ3FX :DVU9)50VEVU9)50V

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&RSSHUORVV:
VU'/&OLQHDU
VU'/&QRQOLQHDU
VU6/&OLQHDU
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$Y
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&RSSHUORVV:
VU'/&OLQHDU
VU'/&QRQOLQHDU
VU6/&OLQHDU
VU6/&QRQOLQHDU
E
)LJ9DULDWLRQVRIDYHUDJHWRUTXHZLWKFRSSHUORVVRI9)50VZLWKGRXEOH
DQG VLQJOHOD\HU DUPDWXUH ZLQGLQJV XQGHU OLQHDU DQG QRQOLQHDU FRUH
FRQGLWLRQVDVU9)50VEVU9)50V

D E

F G
)LJ)LHOGGLVWULEXWLRQVRI9)50VZLWKGRXEOHDQGVLQJOHOD\HUZLQGLQJV
3FX : D VU'/& 9)50V E VU6/& 9)50V F VU'/&9)50VGVU6/&9)50V

)XUWKHU WKH LQIOXHQFH RI FRUH VDWXUDWLRQ VKRXOG EH WDNHQ
LQWR DFFRXQW 7KH FRUH PDWHULDO LV VHW WR QRQOLQHDU DQG WKH
YDULDWLRQVRIDYHUDJHWRUTXHVDJDLQVWFRSSHUORVVDUHSUHVHQWHG
LQ)LJ&RPSDUHGZLWKWKHOLQHDUFDVHDVLJQLILFDQWGURSLQ
DYHUDJH WRUTXH LV REVHUYHG ZKHQ WKH FRUH LV VDWXUDWHG
0RUHRYHUWKHDYHUDJHWRUTXHRI9)50VZLWK6/&ZLQGLQJLV
DOZD\VORZHUWKDQWKDWRIWKH9)50VZLWK'/&ZLQGLQJXQGHU
QRQOLQHDU FRQGLWLRQ 7KLV LV PDLQO\ GXH WR WKH VHYHUHU
VDWXUDWLRQ VWDWXV LQ FRUHV RI 9)50V ZLWK 6/& ZLQGLQJ $V
SUHVHQWHGLQ)LJWKHSHDNYDOXHRI00)RI6/&ZLQGLQJLV
WZLFHRI WKDWRI'/&ZLQGLQJXQGHU WKH VDPHFXUUHQW VHWWLQJ
ZKLFKZLOO OHDGWRORFDORYHUVDWXUDWLRQLQFRUHVDVFRQILUPHG
E\WKHILHOGGLVWULEXWLRQVRIVUDQGVU9)50VLQ)LJ
2YHUDOOWKHDYHUDJHWRUTXHRI9)50VZLWK6/&ZLQGLQJLV
DOZD\VORZHUWKDQWKRVHZLWK'/&ZLQGLQJ
& 7RUTXHULSSOHSHUIRUPDQFH
6LPLODUO\ 7DEOH 9,, VKRZV WKH PDJQHWLF JHDU SDLUV RI
WRUTXHULSSOHLQ9)50V6RPHIHDWXUHVFDQEHIRXQG
D 7KH UHOXFWDQFH WRUTXH LV WKH PDLQ VRXUFH RI WRUTXH
ULSSOH
E &RPSDUHG ZLWK 9)50V ZLWK '/& ZLQGLQJ WKHUH DUH
DGGLWLRQDO PDJQHWLF JHDU SDLUV LQ WKH V\QFKURQRXV DQG
UHOXFWDQFHWRUTXHFRPSRQHQWVRI9)50VZLWK6/&ZLQGLQJV
ZKLFKZLOO OHDGWRDGGLWLRQDO WRUTXHULSSOHLQWKHVHWZRWRUTXH
FRPSRQHQWV 0RUHRYHU WKLV DGGLWLRQDO ULSSOH RI UHOXFWDQFH
WRUTXH LV SURSRUWLRQDO WR WKH VW URWRU SHUPHDQFH +HQFH WKH
UHOXFWDQFH WRUTXH ULSSOH RI 9)50V ZLWK 6/& ZLQGLQJ LV
VLJQLILFDQWO\ODUJHUWKDQWKDWRI9)50VZLWK'/&ZLQGLQJ
F7KH WRUTXH ULSSOH IUHTXHQFLHV RI VU'/&DQGVU
'/&9)50VDUHI DQGI UHVSHFWLYHO\ ,QFRQWUDVWGXH WRWKH DGGLWLRQDO PDJQHWLF JHDU SDLUV LQ V\QFKURQRXV DQG
UHOXFWDQFHWRUTXHWKHWRUTXHULSSOHIUHTXHQFLHVRIWKH9)50V
ZLWK6/&ZLQGLQJVDUHDOZD\VI
7R YHULI\ WKHVH IHDWXUHV WKH WRWDO DQG UHOXFWDQFH WRUTXH
ZDYHIRUPVRIVUDQGVU9)50VDUHFDOFXODWHGE\)($
DVSUHVHQWHGLQ)LJVDQG,WFDQEHVHHQWKDWWKHULSSOHVRI
WRWDODQGUHOXFWDQFHWRUTXHVRI9)50VZLWK6/&ZLQGLQJVDUH
VLJQLILFDQWO\ODUJHUWKDQWKRVHRI9)50VZLWK'/&ZLQGLQJV
,Q DGGLWLRQ WKH IUHTXHQFLHV RI WRUTXH ULSSOHVRI 9)50V ZLWK
ERWKZLQGLQJW\SHVPDWFKWKHSUHGLFWLRQV
' ,QIOXHQFHRIVWDWRUURWRUSROHFRPELQDWLRQ
,Q WKHIRUHJRLQJ LQYHVWLJDWLRQ WKHVUDQGVU9)50V
ZLWK '/& DQG6/& ZLQGLQJV DUHDQDO\]HG)RU9)50VZLWK
RWKHUVWDWRUURWRUSROHFRPELQDWLRQVWKHVDPHPHWKRGFDQDOVR
EHDSSOLHG7KHWRUTXHIHDWXUHVDUHFRQFOXGHGDV
D 7KH DYHUDJH WRUTXH RI 9)50V ZLWK 6/& ZLQGLQJ LV
DOZD\VVPDOOHUWKDQ9)50VZLWK'/&ZLQGLQJ
E 7KH WRUTXH ULSSOH RI 9)50V ZLWK 6/& ZLQGLQJ LV
DOZD\VODUJHUWKDQ9)50VZLWK'/&ZLQGLQJ
F 7KH WRUTXH ULSSOH IUHTXHQFLHV RI 9)50V ZLWK '/&
ZLQGLQJ DUH I H[FHSW WKRVH ZLWK MV>LM@U L M  « VWDWRUURWRU SROH FRPELQDWLRQV WKH WRUTXH ULSSOH
IUHTXHQFLHV RI WKHVH 9)50V DUH I ,Q FRQWUDVW WKH WRUTXHULSSOHIUHTXHQFLHVRI9)50VZLWK6/&ZLQGLQJDUHDOZD\VI
7RYHULI\WKLV WKHVaU9)50VZLWK'/&DQG6/&
DUPDWXUH ZLQGLQJV DUH JOREDOO\ RSWLPL]HG XQGHU WKH VDPH
FRQVWUDLQWOLVWHGLQ7DEOH9,,,WRDFKLHYHWKHPD[LPDODYHUDJH
WRUTXH7KHLUDYHUDJHWRUTXHDQGWRUTXHULSSOHDUHFRPSDUHGLQ
)LJ7KHUHVXOWVDJUHH WKHSUHGLFWLRQRI LQYHVWLJDWLRQZHOO
0RUHRYHU WKH VU VWDWRUURWRU SROH FRPELQDWLRQ LV IRXQG WR
EH WKH EHVW IRU 9)50V ZLWK ERWK '/& DQG 6/& DUPDWXUH
ZLQGLQJV DV DOVR FRQILUPHG LQ >@ DQG >@
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)LJ$YHUDJHWRUTXHDQGWRUTXHULSSOHRI9)50VZLWKGLIIHUHQWURWRUSROH
QXPEHU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D$YHUDJHWRUTXHE7RUTXHULSSOH
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$ (IILFLHQF\
7KHHIILFLHQF\RI9)50VLVFORVHO\UHODWHGWRWKHLURQORVV
DQGFRSSHUORVV6LQFHERWK'/&DQG6/&DUPDWXUHZLQGLQJV
DUH RI FRQFHQWUDWHG ZLQGLQJ W\SH WKH OHQJWK RI WKHLU HQG
ZLQGLQJV DUH VLPLODU WR HDFK RWKHU ZKLFK PHDQV WKH FRSSHU
ORVVHVRIWKHVHWZRZLQGLQJW\SHVDUHDOVRVLPLODUWRHDFKRWKHU
XQGHU WKH VDPH DPSHUH WXUQV RI H[FLWDWLRQ 7KHUHIRUH WKH
HIILFLHQFLHV RI 9)50V ZLWK ERWK ZLQGLQJ W\SHV DUH PRVWO\
LQIOXHQFHGE\WKHLURQORVV
$FFRUGLQJ WR 6HFWLRQ ,, LW LV SURYHG WKDW WKH 00) RI
VLQJOHOD\HUZLQGLQJFRQWDLQVPRUH VXEKDUPRQLFV WKDQ WKDWRI
GRXEOHOD\HUZLQGLQJ7KLVZLOOOHDGWRPRUHKDUPRQLFVLQWKH
DLUJDS ILHOGDQGHYHQWXDOO\ ODUJHU LURQORVV LQ FRUHV%\XVLQJ
WKH$16<60D[ZHOOSDFNDJHWKHLURQORVVHVDQGHIILFLHQFLHV
RIVU9)50VFDQEHFDOFXODWHGDVVKRZQLQ)LJ,WFDQ
EHIRXQGWKDWWKH9)50ZLWK'/&ZLQGLQJVKRZVVPDOOHULURQ
ORVVDQGKLJKHUHIILFLHQF\WKDQWKDWZLWK6/&ZLQGLQJ
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)LJ   ,URQ ORVV DQG HIILFLHQF\ RI 9)50V ZLWK GRXEOH DQG VLQJOHOD\HU
DUPDWXUHZLQGLQJV3FX :D,URQORVVE(IILFLHQF\
% )DXOWWROHUDQFH
9)50V KDYH KLJK IDXOW WROHUDQFH GXH WR WKHLU VLPSOH
VWUXFWXUHV+RZHYHUWKHSKDVHVKRUWFLUFXLWDQGSKDVHWRSKDVH
IDXOWVDUHVWLOOULVN\5HJDUGLQJWKHSKDVHVKRUWFLUFXLWLWVPDLQ
KD]DUG FRPHV IURP WKH ODUJH FXUUHQW XQGHU D IDXOW FRQGLWLRQ
7KHDPSOLWXGHRIWKHFXUUHQWLVLQIOXHQFHGE\WKHUHVLVWDQFHDQG
LQGXFWDQFHRIWKHDUPDWXUHZLQGLQJ%\XVLQJ)($DQGIUR]HQ
SHUPHDELOLW\ PHWKRG >@ WKH VHOILQGXFWDQFH RI SKDVH $ /DDQGWKHPXWXDOLQGXFWDQFHEHWZHHQSKDVH$DQGILHOGZLQGLQJ
0DIIRUVU9)50VZLWKERWKZLQGLQJW\SHVDUHFRPSDUHGLQ)LJ  ,W FDQ EH VHHQ WKDW WKH PXWXDO LQGXFWDQFH RI 6/&
ZLQGLQJLVVOLJKWO\VPDOOHUWKDQWKDWRI'/&ZLQGLQJGXHWRLWV
VHYHUHORFDOVDWXUDWLRQ,QFRQWUDVWWKHSKDVHVHOILQGXFWDQFHRI
6/&ZLQGLQJLVVLJQLILFDQWO\ODUJHUWKDQWKDWRI'/&ZLQGLQJ
ZKLFK OHDGV WR VPDOOHU SKDVH VKRUWFLUFXLW FXUUHQW 0RUHRYHU
WKHUH LV SK\VLFDO LQVXODWLRQ EHWZHHQ HDFK SKDVH IRU 6/&
ZLQGLQJ ZKLFK ZLOO UHGXFH WKH ULVN RI SKDVHWRSKDVH IDXOW
2YHUDOO WKH6/&ZLQGLQJKDVEHWWHU IDXOW WROHUDQFHFDSDELOLW\
WKDQWKH'/&ZLQGLQJ
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6/&0DI
/DUJHUSKDVHVHOILQGXFWDQFH
IRU6/&ZLQGLQJ
E
)LJ6HOILQGXFWDQFHRISKDVH$DQGPXWXDOLQGXFWDQFHEHWZHHQDUPDWXUH
DQGILHOGZLQGLQJIRUVU9)50VZLWK'/&DQG6/&ZLQGLQJV3FX :D9DULDWLRQVDJDLQVWURWRUSRVLWLRQE6SHFWUD
9 (;3(5,0(17$/9(5,),&$7,21
,QRUGHUWRYHULI\WKHDQDO\VLVDVU9)50LVSURWRW\SHG
DVVKRZQLQ)LJ7KHGHWDLOHGGLPHQVLRQLVVKRZQLQ7DEOH
9,7KHSURWRW\SHPDFKLQHKDVFRLOVZRXQGHGRQHDFKWRRWK
ZLWK RSHQ WHUPLQDOV ZKLFK PDNHV LW IOH[LEOH WR FKDQJH WKH
ZLQGLQJ FRQQHFWLRQ IURP '/& WR 6/& ZLQGLQJ DV VKRZQ LQ
)LJ7KHWHVWULJLVFRQVWUXFWHGE\D'&PDFKLQHDWRUTXH
WUDQVGXFHU DQG WKH SURWRW\SH %\ XVLQJ WKLV ULJ ERWK RSHQ
FLUFXLWDQGRQORDGSHUIRUPDQFHRIWKHSURWRW\SHLVPHDVXUHG
)LUVWO\ WKH EDFN(0)V RI 9)50V ZLWK '/& DQG 6/&
ZLQGLQJ FRQQHFWLRQV DUH PHDVXUHG ZKHQ RQO\ '& FXUUHQW LV
LQMHFWHGDWUSPDVVKRZQLQ)LJ7KHPHDVXUHGUHVXOWV
PDWFK WKH)($ SUHGLFWLRQZHOO0RUHRYHU WKHEDFN(0)VRI
9)50 ZLWK '/& DQG 6/& ZLQGLQJV DUH DOPRVW LGHQWLFDO WR
HDFK RWKHU DV FRQILUPHG E\ WKHLU VSHFWUD +HQFH WKH WRUTXH
FDSDELOLWLHV RI 9)50V ZLWK ERWK ZLQGLQJ FRQILJXUDWLRQV DUH
DOVR H[SHFWHG WREH VLPLODU WR HDFK RWKHU ZLWKRXW FRQVLGHULQJ
WKHLQIOXHQFHRIDUPDWXUHUHDFWLRQDQGFRUHVDWXUDWLRQ
7KHQ E\ XVLQJ WKH WRUTXH WUDQVGXFHU WKH WUDQVLHQW WRUTXH
ZDYHIRUPV DUH PHDVXUHG ZKHQ '& FXUUHQW LV $ DQG $&
FXUUHQWLV$DVVKRZQLQ)LJ7KHWRUTXHPHDVXUHPHQW
LVFRQGXFWHGDWD ORZVSHHGUSP WRNHHSDVWDEOHFXUUHQW
DQG DYRLG WKH LQIOXHQFH RI 3:0 DV PXFK DV SRVVLEOH 7KH
PHDVXUHG WRUTXH SURILOHV KDYH JRRG DJUHHPHQW ZLWK WKH )($
SUHGLFWLRQVDOEHLWZLWKVRPHVPDOOIOXFWXDWLRQVFDXVHGE\WKH
D E
F
)LJ3KRWRVRIVU9)50SURWRW\SHD6WDWRUE5RWRUF7HVWULJ
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)LJ   :LQGLQJ FRQQHFWLRQV RI VU 9)50 SURWRW\SHV ZLWKGRXEOH DQG
VLQJOHOD\HUDUPDWXUHZLQGLQJVD'/&ZLQGLQJE6/&ZLQGLQJ

PLQRU VSLNHV LQ FXUUHQW ,Q DGGLWLRQ DV SUHGLFWHG WKH WRUTXH
ULSSOHRI9)50ZLWK6/&ZLQGLQJLVVLJQLILFDQWO\ODUJHUWKDQ
WKDWRI9)50ZLWK'/&ZLQGLQJ
)LJIXUWKHUVKRZVWKHYDULDWLRQVRIDYHUDJHWRUTXHZLWK
WRWDO 506 FXUUHQW IRU 9)50 ZLWK ERWK ZLQGLQJ W\SHV ,W LV
FRQILUPHG WKDW '/& DQG 6/& ZLQGLQJV KDYH VLPLODU DYHUDJH
WRUTXHXQGHUOLJKWORDGFRQGLWLRQ+RZHYHU'/&ZLQGLQJKDV
EHWWHURYHUORDGFDSDELOLW\WKDQWKH6/&ZLQGLQJ
)LQDOO\ WKH HIILFLHQFLHV RI 9)50V ZLWK '/& DQG 6/&
ZLQGLQJV DUH PHDVXUHG )LUVWO\ WKH G\QDPLF WHUPLQDO YROWDJH
DQG FXUUHQW ZDYHIRUPV DUH PHDVXUHG E\ YROWDJH DQG FXUUHQW
FODPSV DV VKRZQ LQ )LJ  7KHUH DUH PDQ\ VSLNHV LQ ERWK
YROWDJH DQG FXUUHQW VLJQDOV ,W LV GXH WR WKH 3:0 DQG
PHDVXUHPHQW HUURU RI WKH YROWDJH DQG FXUUHQW FODPSV %\
WDNLQJWKHVSHFWUDRIWKHSKDVHYROWDJHDQGFXUUHQWZDYHIRUPV
WKH LQSXWSRZHU FDQEHFDOFXODWHGE\ WKH IXQGDPHQWDOYROWDJH
DQG FXUUHQW FRPSRQHQWV 7KHQ WKH HIILFLHQF\ RI 9)50V FDQ
EHFDOFXODWHGE\PHDVXULQJWKHRXWSXWWRUTXHVLPXOWDQHRXVO\濍
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ZKHUHȘLVWKHHIILFLHQF\7LVWKHRXWSXWWRUTXH8DQG,DUHWKH
IXQGDPHQWDO FRPSRQHQWV RI SKDVH YROWDJH DQG FXUUHQW ǻĳ LV
WKHSKDVHVKLIWEHWZHHQYROWDJHDQGFXUUHQW
7KH HIILFLHQFLHV DW USP DQG USP DUH PHDVXUHG
7KHUHDUHELJHUURUVEHWZHHQ)($DQGPHDVXUHPHQWUHVXOWVDV
VKRZQ LQ 7DEOH ,; 7KLV LV PDLQO\ GXH WR WKH PHDVXUHPHQW
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7KLV SDSHU FRPSDUDWLYHO\ DQDO\]HV WKH 9)50V ZLWK
GRXEOHDQGVLQJOHOD\HUZLQGLQJV,WLVIRXQGWKDW
D$OOWKHLQWHJHUVH[FHSWNDUHIHDVLEOHURWRUSROHQXPEHU
IRUERWKGRXEOHDQGVLQJOHOD\HUZLQGLQJV
E7KHSHDNYDOXHRI6/&ZLQGLQJ00)LVWZLFHRIWKDWRI
'/&ZLQGLQJZKLFKOHDGVWRVHYHUHORFDOVDWXUDWLRQLQ9)50V
ZLWK6/&ZLQGLQJ
F7KH WRUTXHFDSDELOLW\RI9)50VZLWK6/&ZLQGLQJ LV
DOZD\V ORZHU WKDQ WKRVH ZLWK '/& ZLQGLQJ $W UDWHG ORDG
FRQGLWLRQ WKH 9)50V ZLWK 6/& ZLQGLQJ KDYH a
ORZHUWRUTXHGHQVLW\WKDQWKRVHZLWK'/&ZLQGLQJ
G7KHWRUTXHULSSOHRI9)50VZLWK6/&ZLQGLQJLVPXFK
ODUJHU! WLPHV WKDQ WKDWRI9)50VZLWK'/&ZLQGLQJGXH
WRWKHDGGLWLRQDOULSSOHLQUHOXFWDQFHWRUTXH
H 7KH 9)50V ZLWK 6/& ZLQGLQJ KDYH ODUJHU FRUH ORVV
DQGORZHUHIILFLHQF\ WKDQ WKRVHZLWK'/&ZLQGLQJGXH WRWKH
DGGLWLRQDOVXEKDUPRQLFVLQ00)DQGDLUJDSILHOG
I 6/& ZLQGLQJ KDV DOPRVW  ODUJHU SKDVH VHOI
LQGXFWDQFH WKDQ WKH '/& ZLQGLQJ $OVR LW KDV SK\VLFDO
VHSDUDWLRQ EHWZHHQ SKDVHV %RWK DVSHFWV OHDG WR EHWWHU IDXOW
WROHUDQFHIRU9)50VZLWK6/&ZLQGLQJ
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IURP =KHMLDQJ 8QLYHUVLW\ +DQJ]KRX
&KLQDLQDQGUHVSHFWLYHO\DQG
WKH 3K' GHJUHH LQ HOHFWULFDO DQG
HOHFWURQLFHQJLQHHULQJIURP7KH8QLYHUVLW\
RI 6KHIILHOG 6KHIILHOG 8. LQ 
6LQFH  KH LV ZRUNLQJ DV UHVHDUFK
DVVLVWDQW LQ 6KHIILHOG 6LHPHQV *DPHVD 5HQHZDEOH (QHUJ\
5HVHDUFK&HQWUH
+LVPDMRUUHVHDUFKLQWHUHVWVLQFOXGHGHVLJQDQGDSSOLFDWLRQRI
UHOXFWDQFHPDFKLQHVDQGSHUPDQHQWPDJQHWPDFKLQHV

=4 =KX 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DQG HOHFWURQLF HQJLQHHULQJ IURP =KHMLDQJ
8QLYHUVLW\+DQJ]KRX&KLQD LQDQG
UHVSHFWLYHO\DQGWKH3K'GHJUHHLQ
HOHFWULFDO DQG HOHFWURQLF HQJLQHHULQJ IURP
7KH 8QLYHUVLW\ RI 6KHIILHOG 6KHIILHOG
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6LQFH  KH KDV EHHQ ZLWK 7KH 8QLYHUVLW\ RI 6KHIILHOG
ZKHUH KH LV FXUUHQWO\ D 3URIHVVRU ZLWK WKH 'HSDUWPHQW RI
(OHFWURQLF DQG (OHFWULFDO (QJLQHHULQJ +HDG RI WKH (OHFWULFDO
0DFKLQHV DQG 'ULYHV 5HVHDUFK *URXS 5R\DO $FDGHP\ RI
(QJLQHHULQJ6LHPHQV 5HVHDUFK &KDLU $FDGHPLF 'LUHFWRU RI
6KHIILHOG 6LHPHQV :LQG 3RZHU 5HVHDUFK &HQWUH 'LUHFWRURI
6KHIILHOG&55&(OHFWULF'ULYHV7HFKQRORJ\5HVHDUFK&HQWUH
'LUHFWRU RI 0LGHD (OHFWULFDO 0DFKLQHV DQG &RQWUROV &HQWUH
+LV FXUUHQW PDMRU UHVHDUFK LQWHUHVWV LQFOXGH WKH GHVLJQ DQG
FRQWURO RI SHUPDQHQWPDJQHW EUXVKOHVV PDFKLQHV DQG GULYHV
IRU DSSOLFDWLRQV UDQJLQJ IURP DXWRPRWLYH WKURXJK GRPHVWLF
DSSOLDQFHVWRUHQHZDEOHHQHUJ\
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 DQG  UHVSHFWLYHO\ DQG 3K '
GHJUHH LQ &RQWURO 7KHRU\ DQG &RQWURO
(QJLQHHULQJ IURP &HQWUDO 6RXWK
8QLYHUVLW\&KLQD LQ6LQFHKH
KDVEHHQZLWK&55&=KX]KRX,QVWLWXWH&R
/WG=KX]KRX&KLQDZKHUHKHLVSUHVHQWO\WKH9LFH3UHVLGHQW
DQG&KLHI7HFKQRORJ\2IILFHU+HKDVSXEOLVKHGDQXPEHURI
MRXUQDO DQG FRQIHUHQFH SURFHHGLQJV SDSHUV +LV UHVHDUFK
LQWHUHVWV DUH PRGHOLQJ FRQWURO DQG FRPPXQLFDWLRQ RI
HOHFWULFDO V\VWHPV UDLO QHWZRUNV DQG KLJKVSHHG WUDLQV +H LV
DOVR D *XHVW 3URIHVVRU LQ 6RXWKZHVW -LDRWRQJ 8QLYHUVLW\
7RQJML8QLYHUVLW\DQG&HQWUDO6RXWK8QLYHUVLW\
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6<*XR LVDSURIHVVRULDOVHQLRUHQJLQHHU
6KH JRW JUDGXDWHG IURP &HQWUDO 6RXWK
8QLYHUVLW\ LQ 'HFHPEHU  DQG VHUYHV
DV WKH FKLHI WHFKQLFDO H[SHUW LQ &55&
=KX]KRX ,QVWLWXWH &R /WG LQ WKH ILHOG RI
5	' RI WKH HOHFWULF PDFKLQH V\VWHPV IRU
UDLOZD\ORFRPRWLYHDQGHOHFWULFDOYHKLFOH
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GHJUHHV LQ HOHFWULFDO HQJLQHHULQJ IURP
6RXWK &KLQD 8QLYHUVLW\ RI 7HFKQRORJ\
*XDQJ]KRX &KLQD LQ  DQG 
UHVSHFWLYHO\6LQFHKHKDVEHHQZLWK
&55&=KX]KRX,QVWLWXWH&R/WG
+LVPDMRUUHVHDUFKLQWHUHVWVLQFOXGHGHVLJQ
DQG DSSOLFDWLRQ RI SHUPDQHQW PDJQHW
PDFKLQHVIRUHOHFWULFDOYHKLFOHDSSOLFDWLRQV
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